A significant fraction of massive main-sequence stars show strong, large-scale magnetic fields. The origin of these fields, their lifetimes, and their role in shaping the characteristics and evolution of massive stars are currently not well understood. We compile a catalogue of 389 massive main-sequence stars, 61 of which are magnetic, and derive their fundamental parameters and ages. The two samples contain stars brighter than magnitude 9 in the V band and range in mass between 5 and 100 M . We find that the fractional main-sequence age distribution of all considered stars follows what is expected for a magnitude limited sample, while that of magnetic stars shows a clear decrease towards the end of the main sequence. This dearth of old magnetic stars is independent of the choice of adopted stellar evolution tracks, and appears to become more prominent when considering only the most massive stars. We show that the decreasing trend in the distribution is significantly stronger than expected from magnetic flux conservation. We also find that binary rejuvenation and magnetic suppression of core convection are unlikely to be responsible for the observed lack of older magnetic massive stars, and conclude that its most probable cause is the decay of the magnetic field, over a time span longer than the stellar lifetime for the lowest considered masses, and shorter for the highest masses. We then investigate the spin-down ages of the slowly rotating magnetic massive stars and find them to exceed the stellar ages by far in many cases. The high fraction of very slowly rotating magnetic stars thus provides an independent argument for a decay of the magnetic fields.
Introduction
Magnetic fields are an important constituent of astrophysical plasmas. They play a vital role in all types of stars (Chanmugam 1992; Donati & Landstreet 2009 ) and may affect their internal structure and evolution (e.g., Jackson et al. 2009; Meynet et al. 2011; Langer 2012; Petermann et al. 2015) . Whereas only a few magnetic massive stars were known until recently, such as HD 37022 (Donati et al. 2002 ), HD 191612 (Donati et al. 2006a ), τ Sco (Donati et al. 2006b ), and HD 37742 (Bouret et al. 2008) , new intense searches have revealed many more magnetic O-and B-type stars (e.g., Grunhut et al. 2009; Petit et al. 2013; Hubrig et al. 2014; Fossati et al. 2015a,b; Castro et al. 2015) , implying an incidence fraction of strong, large-scale magnetic fields in massive stars of about ten percent (Grunhut et al. 2012; Wade & MiMeS Collaboration 2015a) .
While the origin of these potentially long-lived magnetic fields in massive stars is still under debate, they are thought to be fossil in the sense that the stars do not host the required conditions for a dynamo process that could generate fields in situ (Donati & Landstreet 2009) , that is, for convection and rapid rotation (Donati & Landstreet 2009; Cantiello et al. 2009 ; but see Potter et al. 2012) . The strongest evidence for a fossil origin of magnetic fields in intermediate-mass stars is the lack of correlations of the magnetic field strength with rotation period (from 0.5 d to about 100 yr) and mass (from 1.5 to about 5 M ; e.g., Kochukhov & Bagnulo 2006) . Recent studies show the same for higher mass stars (Wade & MiMeS Collaboration 2015a) . Their envelopes are generally radiative, with convection occurring only in a very low-mass subsurface region (Cantiello et al. 2009; Sanyal et al. 2015) . The magnetic stars among them are often very slow rotators, although a few magnetic rapid rotators have been found (Petit et al. 2013 ). Braithwaite & Spruit (2004) found that in main-sequence (MS) A-type stars magnetic field configurations, which later on have been found to resemble those observed in magnetic O-and B-type stars, can indeed be stable, in the sense that their decay may take longer than the stellar lifetime. For such intermediatemass stars, several studies have attempted to characterise the magnetic field properties as a function of mass and age (e.g., Hubrig et al. 2000; Kochukhov & Bagnulo 2006; Landstreet et al. 2007 Landstreet et al. , 2008 . For example, Hubrig et al. (2000 Hubrig et al. ( , 2007 and Kochukhov & Bagnulo (2006) proposed that field chemically peculiar (CP) magnetic A-type (Ap) stars concentrate primarily in the middle of their MS evolution, particularly for stars with masses ≤2 M . On the basis of a large sample of open cluster CP stars, Landstreet et al. (2007 Landstreet et al. ( , 2008 showed that the surface magnetic field of CP stars more massive than 3 M may decline with age at a rate higher than expected by flux conservation.
A comparison of the position of magnetic O-and B-type stars in the Hertzsprung-Russell diagram (HRD) with evolutionary tracks (see e.g., Fig. 2 of Fossati et al. 2015a) indicates that the vast majority of these stars are still on the MS, meaning that they are undergoing core hydrogen burning. The only potential exception is the blue supergiant HD 37742 (an Orion belt star that has a very weak magnetic field Bouret et al. 2008; Blazère et al. 2015) , which is also identified as a core hydrogen burning star by the evolutionary tracks of Brott et al. (2011) . The reasons for this dearth of evolved magnetic stars is currently not understood, although the expansion of the radius and the speed of the evolution in the blue supergiant phase could play a role, making magnetic field detections more challenging.
To investigate the evolution of magnetic fields in massive stars in more detail, we have derived the probability density function (PDF) of fractional MS ages, τ, of the magnetic Oand B-type stars (which we call τ-distribution for brevity and clarity from here on), and compared it to that of a large comparison sample of Galactic massive stars. In Sect. 2, we present the investigated stellar samples and the derivation of the stellar parameters. In Sect. 3 we investigate the τ-distribution of magnetic and non-magnetic O-and B-type stars, and find significant differences. We discuss possible origins of these differences in Sect. 4 and conclude in Sect. 5.
Stellar sample and analysis
Our sample of magnetic massive stars comprises the compilation of Petit et al. (2013) , with the addition of magnetic stars presented in later publications: HD 133518, HD 147932 (Alecian et al. 2014), HD 47887 , HD 44743, HD 52089 (Fossati et al. 2015a ), HD 54879 , HD 43317 (Briquet et al. 2013 ), HD 1976 (Neiner et al. 2014 , CPD −57 3509 (Przybilla et al. 2015) , HD 23478, HD 345439 (Sikora et al. 2015; Hubrig et al. 2015) , and CPD −62 2124 (Castro et al. in prep.) . Because of the lack of atmospheric stellar parameters, we did not consider the magnetic binaries reported by Alecian et al. (2014) and Hubrig et al. (2014) . In total, the sample consists of 76 magnetic stars. For each star, we considered V-band magnitude, dipolar magnetic field strength (B d ), effective temperature (T eff ), surface gravity (log g), and projected rotational velocity (υ sin i). When possible, we also further updated the stellar properties. Specifically for HD 47777 we used properties from Fossati et al. (2014) and for CPD −28 2561 from Wade et al. (2015b) .
Our comparison sample is the same as used by Castro et al. (2014) and references therein, which is mostly based on the IA-COB 1 spectroscopic survey of Northern Galactic O-and B-type stars (Simón-Díaz et al. 2011a ,b, 2015 . This comparison sample, which also contains the magnetic stars, consists of 560 stars for which we assume here that it is dominated by non-magnetic stars even though many of these stars have not yet been investigated for magnetic fields. For each star we considered the Vband magnitude from SIMBAD and the T eff and log g values used by Castro et al. (2014) . Since this sample also contains the magnetic stars, we avoided duplication in these cases and used the atmospheric parameters given in the papers dedicated to the magnetic field detection or characterisation. A thorough discus-1 www.iac.es/proyecto/iacob sion of the biases that may be present in this sample is given by Castro et al. (2014) and we return to this point in Sect. 3.
To have a magnitude-limited sample of stars that is as complete and representative as possible, we decided to restrict the analysis to stars brighter than V = 9 mag. The benefits of such a sample are twofold. On the one hand, it allows us to statistically compare the sample of magnetic stars to that of all stars and, on the other hand, it facilitates comparisons with population synthesis models. We note that we did not consider stellar luminosities because reliable parallaxes are currently not available for stars fainter than V ≈ 7 mag (van Leeuwen 2007) .
We used the Bayesian tool Bonnsai 2 to determine the full posterior probability distribution of stellar mass (both initial and present-day), radius, luminosity, age, and fractional MS age for each star (see Schneider et al. 2014a , for more details). To that end, we simultaneously matched the T eff and log g values for each star to the rotating Milky Way stellar evolution models of Brott et al. (2011) . We used the Salpeter initial mass function (Salpeter 1955) as initial mass prior and a Gaussian initial rotational velocity prior centred on 100 km s −1 with a half-width at half-maximum of 125 km s −1 (Hunter et al. 2008 ). In nearly all considered sources, the stellar atmospheric parameters (T eff and log g) were determined by fitting observed spectra. The atmospheric parameters are therefore correlated in the sense that a hotter or cooler temperature requires a higher or lower gravity to obtain a similarly good fit to the spectrum. Neglecting such correlations may lead to severely over-or underestimated mass and age uncertainties (by up to factors of 2) and significantly biased parameters (by up to 50-80% of the 1σ error bars; Schneider et al. 2016a) . To avoid this, we incorporated correlations between T eff and log g in Bonnsai through the covariance matrix as formulated by Schneider et al. (2016a) . These authors provided a parametrisation of the covariance matrix that relies on conventional, that is, marginalised, 1σ uncertainties for T eff and log g and a correlation parameter, ϕ, that describes how T eff and log g co-vary. This parametrisation only depends on the method with which the observables have been determined. The advantage of this parametrisation of the covariance matrix is that correlations can be accounted for even if the exact correlations are not known in each individual case. We determined the correlation parameter for 157 stars in our sample by fitting tilted Gaussian functions to χ 2 -maps in the T eff and log g plane (Fig. 1) . For the remaining stars, the parameter space is either sampled too coarsely to allow for a reliable determination of the correlation parameter with the methods and atmosphere grids described by Castro et al. (2012 , see also Lefeveret al. 2010 or the correlations are not published together with the stellar parameters (this is for example the case for the O-type stars in the IA-COB sample for which the publication of the complete results is still pending). The sample of stars for which we can derive the correlation parameter does however cover the whole range of T eff and log g values of our overall sample. We obtain (the straight line in Fig. 1 )
The correlation parameter ϕ can be understood in the following way: when the best-fitting atmosphere model is found, that is, the best-fitting T eff and log g amongst other parameters, the correlation parameter ϕ describes by how much the surface gravity 2 The Bonnsai web-service is available at http://www.astro.uni-bonn.de/stars/bonnsai. (d log g) needs to be adjusted to re-obtain the best-fitting spectrum for an effective temperature deviating by dT eff from the global best fit. We applied this calibration to all stars in our sample by considering that the error ellipse in the T eff -log g plane is titled by the quantity given in Eq. 1 and ensuring that the conventional error bars stay constant. We note that this calibration of the correlation parameter is only valid for analyses as those done by Castro et al. (2012) because the details of the spectral analysis (the applied atmosphere code, lines used in the analysis, weights set for fitting different lines, number of free parameters, etc.) influence the exact correlations (see Schneider et al. 2016a , for more details).
From the considered samples, we removed the stars that have evolved beyond the MS in the Brott et al. (2011) stellar evolution tracks (τ is not defined for post-MS stars). Only one star, HD 48099, falls on the hot side of the zero-age main sequence, and we therefore removed it from the sample. We furthermore excluded stars for which the determined initial mass is <5 M , and is within 1σ of the upper stellar model grid boundary of 100 M . In the end, the full sample is composed of 389 stars, with 61 objects belonging to the sample of magnetic stars. Figure 2 shows the distribution of the two samples of stars in the spectroscopic HRD (Langer & Kudritzki 2014) .
Results
To derive the τ-distribution of our samples, we summed the τ-distributions of the individual stars and re-normalised the resulting PDF by the number of stars in the sample. This approach ensures that observational uncertainties of individual stars are properly taken into account. A second source of uncertainty is introduced by the finite size of the stellar samples (stochastic sampling) because our further analysis relies on the fact that the two stellar samples are representative of the true, underlying stellar populations. To quantify the significance of the τ-distributions with respect to the sample size N, we computed bootstrapped 1σ estimates as the standard deviations of 10 000 realisations of the N combined fractional MS τ-distributions where stars have been randomly sampled with replacement.
The top and middle panel of Fig. 3 show the τ-distribution of the magnetic stars and that of all stars (magnetic and nonmagnetic), respectively. The τ-distribution of the magnetic stars increases initially, reaches a maximum at τ ≈ 0.6, and drops thereafter. Hence, the bulk of magnetic stars in our sample have Although this sample contains all magnetic massive stars known to date, there may be some biases and selection effects. There are two types of biases that should be considered. First, we already know from specific indicators that certain stars host magnetic fields (e.g. Of?p and He-strong stars) and there is the tendency to search preferentially for magnetic fields in stars displaying these indicators. A set of secondary indicators is present as well, such as slow rotation, peculiar emission lines in the spectra, peculiar chemistry, and hard X-ray emission, but they are not necessarily accompanied by any evidence of a magnetic field (see, e.g. Wade et al. 2015c , in the case of the nitrogen excess), such that their contribution to this particular bias is probably small. Second, there may be a bias introduced by systematic differences in sensitivity (e.g. faint versus bright stars, slow versus rapid rotators, hot versus cool stars). However, within the MiMeS sample, the sensitivity obtained for example for slow and fast rotators is comparable (Wade et al. 2016) . Nevertheless, we tried to account for these biases in the interpretation of the results (Sect. 4).
The main type of bias that would strongly affect the τ-distribution, shown in the top panel of Fig. 3 , is time dependent: there might be preferential ages associated with different samples of preferentially detected stars. For example, there may be some age dependence of the Of?p phenomenon as the young Otype star θ 1 OriC does not show Of?p signatures (but this will remain speculative until a much larger sample of magnetic O-type stars has been studied). The reality is that we do not know of any age-dependent bias present in the sample. It is important to also consider that our sample of magnetic stars is predominantly based on the compilation of Petit et al. (2013) , which is mostly composed of stars detected to be magnetic with different instruments and techniques, such that selection effects, if present, are probably very complex. Since we considered all known magnetic stars, this sample is as complete as it can possibly be to the best of our current knowledge.
The τ-distribution of all stars increases with fractional MS age and reveals that our sample is dominated by relatively old stars. About 70% of the stars are in the second half of their MS evolution. The drop in τ-distribution around τ = 1.0 arises because we did not consider any star beyond the terminal-age main sequence (TAMS) as predicted by Brott et al. (2011) . This means that some stars that overlap the MS within their error bars are missing in the τ-distribution because their best-fitting age is beyond the TAMS.
To understand the characteristics of the τ-distribution of all stars, we computed a synthetic population of massive stars, assuming continuous star formation, the Salpeter initial mass function (Salpeter 1955) , and a uniform distribution of heliocentric distances. We then set the magnitude cut at V = 9 mag and derived the τ-distribution of the synthetic stars, which shows a behaviour similar to the observed one (Fig. 3b) . The increase in τ-distribution with increasing fractional MS age is a bias caused by the fact that stars become more luminous as they age: a magnitude-limited sample of MS stars contains a larger portion of old stars than a similar volume-limited sample (cf. Malmquist bias; Malmquist 1922) . Because of the same magnitude cut, the τ-distribution of magnetic stars is also affected in the same way by this bias.
Some differences between the observed and synthetic τ-distributions of all stars are present. These are probably caused by biases in the sample selection. For instance, the IACOB sample of B-type stars is slightly biased towards older stars for the study of macroturbulence, while for the O-type stars in the northern hemisphere it is complete up to V = 9 mag. Simplifying assumptions in the population synthesis model (e.g., uniform distance distribution across the whole sky) may also contribute. In addition, Fig. 2 shows that for masses higher than 30 M the region close to the ZAMS is not sampled by the observations, as previously noted by Castro et al. (2014) . The lack of very massive stars close to the ZAMS slightly affects the τ-distribution of all stars and contributes to the discrepancy with the synthetic τ-distribution at τ < 0.5. Part of the discrepancy at older ages (τ > 0.5) may arise because the models do not consider a massdependent overshooting, while observations suggest that it may be present .
The bottom panel of Fig. 3 shows the fraction of magnetic stars as a function of fractional MS age. Our current samples are not complete, that is they do not contain all (magnetic) massive stars brighter than V = 9 mag. In addition, our sample is biased towards magnetic stars, as indicated by the fact that the number ratio of magnetic and all stars is 16%, which is higher than what is found by dedicated surveys (7%; Wade et al. 2014; Fossati et al. 2015b) . Therefore, to also facilitate direct comparisons with future observations, we re-scaled the fraction of magnetic massive stars in Fig. 3c such that the overall magnetic incidence is 7% 3 (Wade et al. 2014; Fossati et al. 2015b ). Nevertheless, this is not a problem as long as the samples are representative, hence leading to τ-distributions comparable to those obtained from complete samples. Assessing how representative a sample is for the complete population can only be done statistically because the complete population will never be known. In our case, the robustness of the τ-distributions is given by bootstrapped 1σ-estimates. These bootstrapped uncertainties quantify the variations in our τ-distributions because of stochastic sampling from a parent distribution and will further decrease when larger samples become available in the future. The similar trend in τ-distributions of our sample stars and the population synthesis model (which is by definition complete) also indicates
For stars younger than τ ≈ 0.5−0.6, the fraction of magnetic massive stars is, within the error bars, consistent with being constant. For older stars, the fraction of magnetic massive stars decreases steeply with increasing τ. Towards the TAMS only about 2% of massive stars are detected to have large-scale magnetic fields, whereas about 14% show such fields towards the ZAMS. Hence, the fraction of magnetic stars drops by about a factor of seven between the ZAMS and the TAMS 4 .
To investigate whether the dearth of old magnetic stars depends on mass, we divided our stellar sample into subsamples of stars less and more massive than 14 M and computed the τ-distributions for both samples (Fig. 4) . The sample is split such that the high-mass sample is as massive as possible to easily spot a potential mass dependence, while still containing sufficient stars to obtain a reliable τ-distribution. The chosen mass cut at 14 M leads to 12 magnetic stars in the high-mass sample and 50 in the low-mass sample (in total there are 145 and 246 stars, respectively; the best-fitting initial mass of one star is exactly 14 M and we included this star in both samples). The ratios of the τ-distributions (bottom panel of Fig. 4 ) were renormalised to an incidence rate of 7%, as in the bottom panel of Fig. 3 . The difference between the two curves at young ages is due to the lack of young massive stars in our sample, as discussed above. Because of these issues, the incidence rates at young ages in the high-mass sample in Fig. 4 are most likely affected by biases and should not be taken at face value.
We find that the τ-distributions of the low-and high-mass samples show a similar increasing trend to that of the combined sample and also to that of our basic population synthesis model (see middle panel of Fig. 4 ). The differences between the observed and synthetic τ-distributions of all stars (middle panel of Fig. 4) close to the ZAMS reflect the lack of young massive stars of our sample, as pointed out earlier in this section and as noted by Castro et al. (2014) . However, the τ-distributions of the magnetic stars show differences at roughly the 2σ level close to the TAMS (see top panel of Fig. 4 ). There the τ-distribution of the higher mass sample drops more steeply than that of the lower mass sample, and this drop may start at younger fractional MS age. This indicates that the relative deficiency of evolved magnetic stars may be mass dependent, or in other words, more pronounced in more massive stars.
The stellar models of Brott et al. (2011) 
Discussion
In the previous section we established that there is a dearth of relatively old magnetic MS massive stars. A similar trend was found by Landstreet et al. (2007 Landstreet et al. ( , 2008 on the basis of a sample of magnetic A-and B-type stars in open clusters. Landstreet et al. (2007 Landstreet et al. ( , 2008 suggested that for stars more massive than 3 M the magnetic field strength may decrease at a rate faster than that predicted by flux conservation. We have identified four scenarios that may explain the deficit of evolved magnetic massive stars: i) magnetic flux conservation, ii) binary rejuvenation, iii) magnetic suppression of core convection, and iv) magnetic field decay. 
Magnetic flux conservation
While they are on the MS, stars expand with time, resulting in progressively weaker surface magnetic fields for a conserved magnetic flux, φ = B d R 2 . As a consequence, the surface magnetic field strength for old stars may fall below the observational detection threshold and cause an apparent dearth of evolved magnetic stars.
In Sect. 3 we concluded that only one in seven young magnetic massive stars would still be detectable as magnetic after it had reached the TAMS. To determine whether this is caused by the decrease in the surface magnetic field expected as a result of flux conservation, we estimated the fraction of ZAMS magnetic massive stars that would still be detectable as magnetic after they had reached the TAMS, assuming the surface magnetic field strength evolves only as a result of flux conservation. Figure 5 shows the measured dipolar magnetic field strengths (B d ) of the magnitude-limited sample of magnetic massive stars as a function of their V-band magnitude. From this plot we derive a rough indication of the current capability of magnetic field detections in massive stars as a function of apparent magnitude. Following the lower boundary of the bulk of points, we outlined an empirical detection threshold with the dashed line.
Although the detection of a stellar magnetic field depends on a number of factors, such as the adopted instrument (high-or low-resolution spectropolarimeter), observed wavelength range, detection technique, and characteristics of the star (e.g., number of available spectral lines and their width 5 ), Fig. 5 indicates that the stellar magnitude plays an important role. This is probably because most of the confirmed magnetic massive stars have so far been detected, and characterised, using similar instruments or telescopes (e.g. ESPaDOnS and HARPSpol both on 4 m class telescopes) and analysis methods (i.e. Least-Squares Deconvolution; Donati et al. 1997; Kochukhov et al. 2010) .
In Fig. 5 we highlight the stars with the most probable fractional MS age < 0.5 and consider these as the "young" stars sam- 5 The majority of the magnetic massive stars presents rather narrow lines (see e.g., Table 1 of Petit et al. 2013). ple. To determine the expansion factor of the radius of each star, we considered the ratio between the radius at the TAMS, as given by the evolutionary tracks of Brott et al. (2011) , and the radius of the young stars at the best-fitting age minus 1σ, to be conservative (on average the ratio between the two radii is ≈3). We then calculated the dipolar magnetic field strength that each young star would have on the TAMS assuming the field strength decreases only because of flux conservation. This value is indicated in Fig. 5 by the endpoint of each arrow.
The sample of magnetic stars is composed of 14 young stars 6 . By following the evolution of the magnetic field considering flux conservation, at least 5 stars would still be detectable as magnetic on the TAMS. This is about one-third of the sample, to be compared to a fraction of one-seventh derived from Fig. 3 . This indicates that flux conservation alone is probably not the origin of the rapid decrease of the fraction of magnetic stars at τ 0.6. We performed various tests for the reliability of this result and found that the fraction of stars still detectable as magnetic at the TAMS is independent of the magnitude cut and the fractional MS age adopted to identify the young stars (i.e. τ < 0.4 or 0.6).
Our result is strengthened by the fact that the factor of three derived from Fig. 5 is an upper limit because i) the empirical detection threshold drawn in Fig. 5 is an upper limit, as it is indeed possible to detect magnetic fields smaller than what is indicated in the plot (e.g., Fossati et al. 2015a) ; ii) the B d value available for some of the young stars is a lower limit; iii) we adopted a larger radius expansion factor 7 compared to the best fit; iv) stars become brighter as they age, hence increasing the chances to detect them as magnetic closer to the TAMS; v) stars slow and cool down along the MS making magnetic fields easier to detect close to the TAMS; vi) the use of a different set of stellar evolution tracks, for instance that of Ekström et al. (2012) , would lead to lower radius expansion factors (i.e., shorter arrows in Fig. 5 ; Sanyal et al. 2015) . Each of these considerations would lead to an increase in the number of young stars that would still be detectable as magnetic at the TAMS, assuming flux conservation.
Binary rejuvenation
The origin of strong, large-scale magnetic fields in early-type stars is still unknown and it has been suggested that stellar mergers may lead to the formation of magnetic stars (e.g., Ferrario et al. 2009; Langer 2012; Wickramasinghe et al. 2014) . During mass transfer onto MS stars, the mass gainers rejuvenate because of mixing of fresh fuel into stellar cores. As a result of rejuvenation and increased masses, apparent stellar ages inferred from single-star models are younger than the real ages (e.g., Braun & Langer 1995; van Bever & Vanbeveren 1998; Dray & Tout 2007; Schneider et al. 2014b Schneider et al. , 2016b , potentially leading to τ-distributions biased towards younger ages (depending on the exact star formation history). Contrarily, the τ-distribution of a population of binary mass gainers, such as mergers, assuming a constant star formation history (i.e. for a given stellar mass, all ages and hence all fractional MS ages are equally probable) is biased towards older fractional MS ages. This can be understood as follows: extremely close binaries start mass transfer already close to the ZAMS and therefore add a uniform contribution to the overall τ-distribution over the whole range of τ. However most binaries need time before mass transfer starts, because the mass donors need time to evolve to fill their Roche lobes, resulting in uniform contributions that start at some fractional MS age and end at τ = 1. The starting point depends on the initial orbital separation and the exact rejuvenation. Summing the contributions of all possible mass gainers will therefore lead to a τ-distribution that increases with fractional MS age. Binary mass transfer alone can therefore not explain the overall shape of the observed fractional τ-distribution of magnetic stars.
Magnetic suppression of core convection
It has been suggested that magnetic fields in the stellar core can stabilise convection, therefore reducing, or even stopping, convective core overshooting (Briquet et al. 2012) . Petermann et al. (2015) suggested that the core of magnetic stars may even be smaller than that obtained without overshooting. Magnetic stars may therefore have smaller convective cores, hence shorter MS lifetimes (i.e. a narrower MS band in the HRD) than nonmagnetic stars. If this is the case, the fractional MS ages of magnetic stars obtained using stellar evolution tracks that neglect convective core suppression would be systematically younger because of the wider MS band, possibly explaining the dearth of apparently old magnetic stars found in Sect. 3.
If true, we might expect the suppression of core convection to increase with increasing magnetic field strength, although a saturation effect may exist. In that case, if the observed surface magnetic field is a good indicator of the field strength in the stellar core, then we expect a correlation between the derived fractional MS ages and the magnetic flux in the sense that apparently old magnetic stars must have weaker magnetic fields in the core and hence weaker magnetic fluxes on the surface in order to be detected as old with stellar models that neglect magnetic suppression of core convection. In Fig. 6 , we show the magnetic flux of our sample of magnetic stars as a function of τ. There is no clear evidence for a correlation between magnetic flux and τ, suggesting that either magnetic fields do not hamper core convection to such a degree that we can observe clear differences in fractional MS ages or that the surface magnetic fluxes are not good indicators for the magnetic field strengths in stellar cores.
Magnetic field decay
Magnetic fields may decay (i.e. surface magnetic field strength decreases below the detection limit) on a timescale that is of the order of the MS lifetime of massive stars. Such a decay would cause a decrease in the fraction of detected magnetic stars with increasing τ, as observed in Fig. 3 . We find that the dearth of evolved magnetic stars is possibly more pronounced at higher masses, suggesting that if field decay is mainly responsible for this dearth, it must occur on shorter time-scales in higher mass stars. Given that the dearth of evolved magnetic stars develops during the MS lifetime of stars, the field decay would have to occur on the nuclear timescale over a wide range of masses. The sharp decrease in the number of magnetic stars in the second half of the MS phase does not necessarily imply that magnetic field decay sets in at τ ≈ 0.5. It is possible that field decay begins immediately after the generation and stabilisation of the magnetic field, but that the field remains on average strong enough to be clearly detectable up to half of the MS phase. In other words, it is only at τ 0.5 that magnetic fields start to become undetectable and it is only for the magnetic stars with the strongest initial fields that the magnetic field is still detectable at the TAMS.
Independent support for the conclusion that the magnetic fields of the known magnetic massive stars were possibly stronger in the past comes from the analysis of their spin-down ages (SD-ages; the time required to spin down a star from critical rotation to the current rotation rate). For each magnetic star in our sample, we derived the current SD-age following the formulation of Ud-Doula et al. (2009) and Petit et al. (2013) . We used the models by Brott et al. (2011) to estimate the gyration constant, k = (H/R) 2 with H being the radius of gyration and R the stellar radius, following Motz (1952) for stars in the 3-40 M range at the ZAMS and TAMS, obtaining that it ranges between 0.002 (i.e. a 40 M star at the TAMS) and 0.07 (i.e. a 40 M star at the ZAMS). For all stars we adopted an average gyration constant of 0.04. The gyration constant and the mass-loss rate were assumed to be constant in time. For the calculation we adopted stellar parameters as described in Sect. 2. For each star with T eff > 30000 K, we derived the mass-loss rate using theoretical predictions by Vink et al. (2000) , the same as adopted by Brott et al. (2011) , while for cooler stars we adopted predictions by Krtička (2014) . We furthermore derived the stellar terminal wind velocity from the empirical relation given by Castro et al. (2012) (see also Kudritzki & Puls 2000) . For the stars for which just a lower limit on B d and/or no rotation period was available, we derived an upper limit of the SD-age. Figure 7 compares the stellar ages derived with Bonnsai with the SD-ages for the magnetic stars in our sample. For half of the stars the SD-ages are larger than the stellar ages and in some cases even larger than the stellar lifetimes (see also Morel et al. 2008; Ud-Doula et al. 2008) . We tested this result against variations in the adopted terminal velocities, mass-loss rates, and moment of inertia constant. The use of different values of the terminal velocity, namely from Kudritzki & Puls (2000) , does not affect the results. For most stars with masses lower than 10 M , the use of the mass-loss rates given by Vink et al. (2000) leads to SD-ages smaller than the stellar ages, but the adopted mass-loss rates prescription of Krtička (2014) is more tuned to MS B-type stars, like the stars considered here. We also varied the moment of inertia constant and found that by using a value of 0.01, or lower, the SD-ages become smaller than the stellar ages for most stars.
With the adopted parameters, a past magnetic field strength that is at least about three times larger than the current one would be necessary to reconcile this discrepancy. This is based on the assumption that the magnetic field decays linearly with time, which may not be the case. Fossati et al. (2015a) proposed that for massive stars there may be no magnetic desert in contrast to what is found for CP stars (Aurière et al. 2007 , found that there are no Ap stars with B d values smaller than about 300 G). In this context, a picture as outlined in Fig. 8 , where magnetic stars have birth fields in a discrete finite range and then decay on a timescale that decreases with increasing mass may well be compatible with the observed magnetic field strength distribution shown by Fossati et al. (2015a) and with the τ-distribution of the fraction of magnetic stars (Fig. 5) . Within this picture, for the lowest mass stars, the decay is much slower than the MS lifetime, leading to the presence of a magnetic desert, while the magnetic field decay becomes comparable and then shorter than the MS lifetime with increasing mass. The different fractions of magnetic stars as a function of fractional MS age in the low-and high-mass stellar samples shown in Fig. 4 would then be a natural consequence.
The strength of this scenario is that it leaves a unified picture for the magnetic fields in magnetic CP and massive stars, allowing for a magnetic desert in the former and a continuous distribution towards vanishing magnetic fields in massive stars. Figure 8 calls for a mechanism that allows fields to decay much faster in more massive stars. Perhaps this relates to the increased hydrodynamic diffusivity in massive stars as a consequence of the increasing importance of radiation pressure and the consequent weakening of mean molecular weight barriers (Potter et al. 2012; Mitchell et al. 2015) .
A mass-dependent magnetic field decay would imply a lower detection rate for the most massive stars. Wade & MiMeS Collaboration (2015a) reported that the detection rate in O-type stars is consistent with that of B-type stars, but this may be for example the result of an increased effect of binary mergers due to the higher rate of primordial massive O-type binaries (Sana et al. 2012) . Along this line, the picture in Fig. 8 might not be correct for all massive stars. For example, if magnetic fields for some stars were due to mergers, then such events occurring very late during core hydrogen burning might produce magnetic stars that have only a short time left to complete core hydrogen burning, such that their magnetic fields might not have time to fully decay (see rejuvenation predictions of Schneider et al. 2016b) .
Magnetic field decay implies that the number of stars that have host(ed) a magnetic field is larger than the measured incidence rate, as also suggested by Fossati et al. (2015a) . Massive stars present a very high component of slow rotators with υ sin i 100 km s −1 (about 25% in early B-and late O-type stars; Dufton et al. 2013; Ramírez-Agudelo et al. 2013 ; Simón-Díaz & Herrero 2014a), higher than the observed fraction of magnetic stars. Magnetic field decay, hence stars that are no longer detectable as magnetic, might help explain the difference between the observed incidence of magnetic fields and slow rotators in massive stars.
Conclusions
From spectroscopically determined T eff and log g values, and with the aid of stellar evolution tracks and the Bonnsai tool, we derived a wide range of stellar parameters for a large sample of magnetic and non-magnetic massive stars. We showed that the fraction of magnetic massive stars remains constant up to a fractional MS age of ≈0.6 and decreases rapidly at older ages. By splitting the sample of stars according to their masses, we found that for the most massive stars (>14 M ) the decrease in the rate of magnetic stars appears to be steeper and occurs at smaller fractional ages than for lower mass stars (<14 M ).
We analysed the dipolar magnetic flux of our sample stars and found that flux conservation alone is not sufficient to explain the observed dearth of old magnetic massive stars. We also found that, in addition to flux conservation, neither binary rejuvenation in massive star mergers alone nor a suppression of core convection by the internal magnetic field would be able to explain the observed τ-distributions. We therefore conclude that magnetic field decay is most likely the primary cause for the dearth of evolved magnetic stars. That field decay must occur is supported through our analysis of the spin-down ages of magnetic O-and B-type stars, showing that an original magnetic field strength of at least three times the current one is needed to reconcile the observed stellar ages and spin-down ages.
The differences between the τ-distributions observed in the higher and lower mass magnetic samples suggest that the ratio of the field decay time to the stellar lifetime decreases with mass. On the one hand, this complies with the observed magnetic field strength distributions of intermediate-mass stars (Aurière et al. 2007; Landstreet et al. 2007 Landstreet et al. , 2008 , where this ratio is higher than unity. This may explain the magnetic desert observed for these stars (cf. Fig. 8 ). On the other hand, this ratio becomes lower than unity in sufficiently massive stars such that -in contrast to intermediate mass stars -massive stars with weak fossil magnetic fields also exist (Fossati et al. 2015a) . We speculate that the mass dependance of the magnetic field decay may be related to the less stable stratification in massive stars that is due to the increased fraction of radiation pressure (Potter et al. 2012; Mitchell et al. 2015) .
A magnetic field decay time shorter than the stellar lifetime does not automatically imply that the large-scale fields observed in massive MS stars play no role in their later evolution. If such fields were generated by stellar mergers, they may be produced in an advanced stage of core hydrogen burning in a considerable fraction of them. It is conceivable that in such cases, the field survives until core collapse and may turn the stellar remnant into a magnetar (Ferrario & Wickramasinghe 2008) . However, the magnetic fraction and flux distribution of magnetars can be expected to differ significantly from that observed in magnetic MS stars. Furthermore, a faster field decay in more massive stars might challenge the scenario that magnetars may form predominantly from very massive stars (Gaensler et al. 2005) .
These results and interpretations are based on the best of our current knowledge on massive star magnetism and evolution. It will be necessary to carry out more works to test our results, particularly after a larger number of homogeneous spectroscopic analyses of massive stars will become available and more magnetic massive stars are discovered, possibly also easing the constraint on the magnitude cut. This will increase the number of stars in both samples and decrease the effect of the biases, hence increase the sample representability and completeness.
